F18 fimbriated Escherichia coli are a newly described cause of postweaning diarrhea in pigs. Polyclonal rabbit antisera were raised to the antigenic variants, F18ab and F18ac, of these fimbriae and were used to develop monospecific sandwich enzyme-linked immunosorbent assays (ELISAs). The ELISAs were standardized with type cultures characterized by polymerase chain reaction techniques (PCR) and then used to conduct a study of the prevalence of F18 fimbriated E. coli in pigs in Northern Ireland. A total of 176 isolates were tested by ELISA and PCR. Eight isolates were positive for F18 by ELISA, of which 2 were shown to be false positives by PCR and one was PCR positive but ELISA negative. Of the 6 confirmed ELISA positives, all produced VT2 toxin and 3 produced ST toxin. Four positives were from serogroups O138 and O139, previously associated with porcine diarrhea.
Enterotoxigenic Escherichia coli (ETEC) isolates are recognized as an important cause of enteritis in neonatal and postweaning pigs. 14 An important attribute of their pathogenicity is their ability to adhere to and colonize the intestinal wall. The main mechanism for this adherence has been identified as fimbriae, antigenic variants of which are present on all ETEC strains. 6 In pigs, fimbriae F4(K88) and F6(987P) have been identified as important factors, and F5(K99) and F41, which are more common in calf and lamb enteritis, have also been described. 14, 17, 19 In addition, 3 more recently identified fimbrial antigens of porcine ETEC, F107, 2134P, and 8813, 2, 4, 15, 22 have been implicated in postweaning diarrhea. These antigens are closely related, possessing a common antigenic epitope, a, and either of 2 specific epitopes, b or c, and have subsequently been reclassified as F18ab (F107) and F18ac (2134P and 8813). 20 The purpose of this study was to develop rapid enzyme-linked immunosorbent assays (ELISAs) to detect F18 fimbriated E. coli strains in pigs in Northern Ireland.
Materials and Methods
Rabbit antisera. Polyclonal rabbit antisera were raised to type strains F107/86 a and 2134P. b Whole cell suspensions of cultures grown on blood agar plates at 37 C for 24 hr were made in 0.3% formal saline and used to immunize rabbits with 5 intravenous inoculations of increasing volumes (0.5-2.0 ml) at 5 day intervals. Rabbits were exsanguinated 10 days after the final inoculation.
F18b-and F18c-specific antisera were produced by cross-absorption of the a antigen in each antiserum with the culture not used for the immunization. The cultures were grown in 1 L trypticase soya broth at 37 C for 24 hr and then centrifuged, and the pellet was mixed with 10 ml of antiserum. The suspensions were incubated for 2 hr at 50 C and clarified by centrifugation. Immunoglobulin was then purified from the absorbed antisera by caprylic acid precipitation. 18 Sandwich ELISA. The 2 absorbed antisera were used in a sandwich ELISA format. 1 The assay stages consisted of 1hr incubation periods for 100 l of reagent per well except for the final addition of 50 l 2.5 M sulfuric acid to stop the substrate reaction. Plates were washed after each stage (except substrate stage) with 5 changes of wash buffer (0.01 M phosphate-buffered saline [PBS], pH 7.2, 0.05% Tween 20). The optimum reagent dilutions were established by titration. The caprylic acid-purified absorbed antibody in 0.05 M carbonate/bicarbonate buffer (pH 9.4) was used to coat the wells. Suspensions of the type cultures, grown overnight on blood agar plates, were made in PTN (0.01 M PBS, 0.04% Tween 80, 2% NaCl) and used as test samples (approximately 10 9 /ml). Fifty microliters of test sample was mixed with 50 l PTN in the plate wells. The assay was developed with the biotinylated 9 sample of the coating antibody, followed by streptavidin peroxidase. c The substrate was 3,3Ј,5,5Ј-tetramethylbenzidine. d Negative controls were PTN and the type culture not being tested for.
Type cultures. Twenty-two E. coli strains, characterized as F18ab, F18ac, or F18 negative by polymerase chain reaction techniques (PCR) ( Table 1) , were used to validate the sandwich ELISAs. The discriminative PCR, using primer sequences related to the major subunit gene fedA of F107 fimbriae, was used to type these strains. 12 There were 12 F18ac strains, 5 F18ab strains, 1 strain described as F18 weak, and 4 F18-negative strains.
Field isolates. Escherichia coli strains isolated from cases of porcine enteritis in animals Ͻ1 yr old that were submitted to the Veterinary Science Division between 1994 and 1997 were selected for testing. Samples were tested for K88 fimbriae by a latex agglutination assay e and for F18 by sand- wich ELISA. The isolates were single-colony purified, and suspensions were made in PTN. The F107 and 2134P type cultures were used as positive controls in each ELISA, along with PTN as a negative control. All of the isolates were also tested for the presence of F18 genes by PCR. 12 O serogrouping. The positive field strains were serogrouped by slide agglutination using 71 polyclonal rabbit antisera available at this laboratory.
Toxin testing. The F18 sandwich ELISA-positive field strains were tested for heat-labile (LT) and heat-stable (STa and STb) enterotoxin genes and for verocytotoxin (VT) genes by PCR. 10, 11 A cell cytotoxicity assay 23 and reversed passive latex agglutination test (RPLA) f were used to differentiate between VT1 and VT2 toxins.
Results

Type cultures. The F18ac ELISA detected all 12
F18ac PCR-characterized strains, and the F18ab ELISA detected all 5 F18ab PCR-characterized strains. The F18 weak strain was not detected by either ELISA, and there were no false positives (Table 1) .
Field isolates. Of the 176 field isolates tested, 8 were positive for F18 fimbriae and 22 were positive for K88. Seven of the F18 positives were F18ab, and 1 was F18ac. None of the F18-positive isolates were positive for K88, and 6 isolates were hemolytic on blood agar. The F18ac strain was serogroup O138, 3 F18ab strains were serogroup O139, and 2 F18ab strains were O15; the other 2 F18ab strains were untypable by the available antisera ( Table 2 ). Six of the 8 ELISA-positive strains were confirmed as F18 by PCR. The 2 O15 F18ab-positive strains were PCR negative. One isolate was positive by PCR but negative by both ELISAs. The 6 confirmed F18-positive strains carried the genes for VT production and were all VT2 positive by cell test and RPLA. Two of these stains were ST positive: one of which encoded STb only and the other had STa and STb genes. None of the strains carried the genes for LT. The 2 O15 strains were VT negative. One of the 6 PCR-confirmed F18positive strains was from a 2-week-old animal, and the other strains were isolated from animals aged between 7 and 15 weeks of age.
Discussion
Previous studies have shown that F18 fimbriae is an important virulence factor for ETEC associated with porcine postweaning diarrhea. 8, 13 Various methods have been used to detect F18 fimbriae, including oligonucleotide probes, 8 PCR, 10 monoclonal antibodies, 5, 21 and immunofluorescence. 20 ELISAs provide an efficient system for screening large numbers of samples. The purpose of this project was to develop rapid diagnostic ELISAs to detect and differentiate F18ab and F18ac fimbriae and to assess the prevalence of these virulence factors in ETEC strains isolated from pigs in Northern Ireland.
The ELISAs developed detected all PCR-positive type strains tested, although 1 F18ac strain was detected only after incubation on Isosensitest agar in a CO 2 atmosphere, and 1 F18ab strain was detected only after single colony purification (data not shown). Expression of the F18 antigens in culture can be dependent upon growth conditions, as has been previously described, 16, 24 which may account for the single PCRpositive/ELISA-negative result obtained from the field strains. Direct testing of fecal samples using these ELISAs may overcome this problem, and the preliminary results obtained with such samples have been promising. This approach is currently under investigation.
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Of the 8 F18-positive field strains, only 6 were confirmed by PCR. The 2 negative strains were F18ab by ELISA and were serogroup O15, nonhaemolytic, and VT negative. On the basis of the PCR-negative result and the absence of VT activity, the 2 O15 strains should probably be regarded as ETEC false positives. Absorption of the F18ab antisera with 1 of the O15 strains resulted in elimination of ELISA activity for the O15 strain and for 3 of the F18ab-positive type strains (data not shown). Thus, there is a close relationship between the cross-reacting antigen present in the O15 strain with F18ab and a degree of variability within the F18ab antigen. Because the O15 cross-reacting antigen was detected in a sandwich ELISA of whole cells, it is probably a surface antigen and quite possibly fimbrial. Recent studies have identified an O15 RDEC-1 strain expressing fimbriae related to F18 fimbriae, 3 although an investigation with the F18 ELISAs in the present study did not detect any reaction with an RDEC-1 type strain (data not shown) perhaps because of a lack of expression in artificial culture. The failure to demonstrate by PCR F18ab encoding genes in the O15 strain could mean that the PCR primers are too specific to detect a related fimbrial gene.
Serogroup O15 strains have rarely been recorded in pigs. 7 Whether their presence is likely to reduce the usefulness of the F18ab ELISA remains to be seen. The other F18-positive strains belonged to serogroups O138 and O139, both of which have been shown to include F18 strains. 14, 24 The 6 strains confirmed as F18 positive by PCR all carried genes for VT production and tested positive for VT2 by the cell test. VT2e, a variant of VT2, is a contributory cause of edema disease in pigs 11 and has been found in F18-positive strains; however, it was not determined whether the toxins produced by the strains in this study were the variant form. Two strains carried the genes for STb production, 1 of which also carried the genes for STa. STb is another important virulence factor in ETEC but is more commonly associated with strains possessing F4 fimbriae.
PCR-confirmed F18 fimbrial antigens were detected in 4% of the field isolates examined compared with 12.5% of isolates exhibiting K88, which indicates a low incidence of F18 ETEC strains in pigs in Northern Ireland. The majority of the F18-positive strains were from animals Ͼ2 weeks of age, in which case the factor would not necessarily be contributing to the enteric disease. However, the presence of such strains together with the expression of VT2 indicates a potential in these herds for postweaning diarrhea and edema disease.
